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Motor control and action 
Chris Dijkerman and Bert Steenbergen 
12.1 lntroduction 
Motor control is a function that psychologists often do not automatically 
associate with neuropsychology. Yet there are good reasons for includ-
ing motor functions in a book on clinical neuropsychology. First, without 
movement no overt behaviour is possible. Performances on all neuropsy-
chological tests depend on motor output. For example, an impairment 
in the movement of the preferred hand can have a negative influence on 
pen-and-paper tests that set out to measure other functions. Motor im-
pairments are also a common phenomenon following a brain injury, and 
neuropsychologists will often be confronted with these in clinical prac-
tice. Some knowledge of motor control and the associated impairments 
is important for a correct interpretation of behaviour and test results in a 
clinical setting. Finally, motor control is intrinsically interesting for neu-
ropsychologists, as it is also a cognitive process. For example, consider the 
planning of successive movements, or imagining a movement that is not 
actually carried out (i.e. motor imagery). 
Movements can be made using various limbs and body parts, such as 
eyes, hands, arms, and legs. This chapter focuses mainly on hand and arm 
movements, as these are of most relevance to neuropsychologists. lt starts 
by discussing the organisation of the motor system and the way in which 
movements are represented, and then covers various impairments that are 
relevant to neuropsychology. 
12.2 Organisation of the motor system 
The motor system is characterised both functionally and neuroanatomi-
cally by a hierarchical organisation. Frorri a functional point of view, re-
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fiexes are at the lowest level. Above these are automated movements, such 
as posture and the basic aspects of walking. At the highest level are volun-
tary movements. 
From a neuroanatomical point of view there are also three levels. At the 
lowest level is the activation of the muscles by neurons in the spinal cord. 
The activity of these neurons is influenced by brainstem nuclei. Finally, 
these are in turn influenced by the motor areas of the cerebral cortex. In 
addition, from a neuroanatomical point of view there is also some degree 
of parallel organisation with various brainstem structures that influence 
spinal cord neurons and, even more important for voluntary motor con-
tra!, direct projections from the cerebral cortex to the spinal cord. 
I2.2.I The muscles 
Movements are carried out via activation of the muscles. When muscles 
are activated, they contract. A muscle can be passively extended only as 
a result of the contraction of another muscle, or by passive extension by 
an external force. Muscles therefore usually work in pairs (agonist-antag-
onist), with a contraction of one muscle (the agonist) extending the other 
muscle (the antagonist). 
I2.2.2 The spina/ card 
Muscles receive signals via motor neurons on the ventral side (facing to-
ward the stomach) of the spinal card. The açtivity of these neurons can be 
influenced by neurons at various levels within the centra! nervous system. 
First, the motor neurons receive sensory information about the contraction 
state of particular muscles via muscle spindles located in those muscles. 
This input is involved in reflex movements, among other processes. Second, 
the motor neurons receive information from other motor neurons in the spi-
na! cord, as a result of which coordination of muscle activity takes place in 
part at the level of the spina! cord. Finally, motor neurons, as stated above, 
receive input from nuclei in the brainstem and from the cerebral cortex. 
I2.2.3 The brainstem 
The main projections from the brainstem to the spina! card are the re-
ticulospinal, tectospinal, and vestibulospinal pathways (see Figure 12.r). 
These pathways start in the reticular formation, the tectum, and the ves-
tibular nuclei, respectively. The pathways project bilaterally to the spina! 
cord and thus innervate motor neurons that activate these muscles on both 
sides of the body. These neural pathways are involved mainly in posture 
contra! and the activation of proximal arm and leg muscles (i.e. those situ-
ated nearer to the centre of the body). Projections are not usually direct, 
but instead travel via interneurons that then project to the motor neuron · 
Figure 12.1 The main projections from the brainstem t th . 
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The direct corticospinal projections also originate from the supplementary 
motor areas, the premotor cortex, the cingulate gyrus, the primary and 
secondary somatosensory cortex, and the posterior parietal lobe. 
There are two types of corticospinal projections. First, there are neural 
pathways that terminate on interneurons in the spina! card, just like the 
projections from the brainstem. These projections run mainly contralat-
erally and to some extent bilaterally. The neural pathways are involved 
mainly in muscle control for the torso, shoulders, and upper arm, and to 
some extent in movements of the whole hand. 
In addition, there are mainly contralateral projections from the motor 
cortex that terminate directly at the motor neurons. These corticomoto-
neuronal pathways are probably responsible for the ability of monkeys and 
humans to make individual finger movements (Porter & Lemon, 1993). 
Moreover, in humans, direct corticomotoneuronal projections are also 
found for proximal arm and axial torso muscles. 
Cortical projections reach the spina! card indirectly via the brainstem 
as well. These projections carne mainly from areas for the primary motor 
cortex and terminate in the brainstem nuclei, where the media! descending 
pathways originate. 
It should be clear from the above description that the motor neural 
system has bath hierarchical and parallel organisation. Various neural 
pathways are thus involved in the activation of the same muscle groups. 
This applies in particular to the proximal and axial muscles, which receive 
input from brainstem nuclei and from the cerebral cortex (bath directly to 
the spina! card and via the brainstem). Same of these neural pathways also 
project bilaterally, as a result of which proximal and axial muscles receive 
information from bath cortical hemispheres. However, distal movements, 
particularly individual finger movements, are controlled virtually solely 
via the direct contralateral corticospinal projections, and are thus more 
vulnerable following a brain injury. 
12. Representation of movements 
o far this chapter has described how the neural system activates muscles. 
However, this activation has to be controlled by something. Two aspects 
are important. First, in order to be able to reproduce movements reliably 
time after time, those movements must be represented in the centra! nerv-
~us system. Second, sensory (visual, proprioceptive, and vestibular) in-
formation is used during the execution of a movement to inform us about 
the movement itself as well as about external objects towards which the 
lllovement is aimed (e.g. lifting up a coffee cup). Propriocepsis enables us 
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to obtain information through receptors in joints, muscles, and skin about 
positions, changes in positions, and bodily movements, and is thus essen-
tial for movement. This section covers the representation of movements. 
Various lines of research have provided us with some insight into how 
movements are represented in the brain. 
I2.3.I Mirror neurons 
Research on mirror neurons provides us with information about how 
movement representations work and are stored in the brain. In the early 
I99os, a group of Italian neurophysiologists discovered that certain cells 
in the premotor cortex are active not only during the implementation of 
visually controlled grasping movements, but also when the same type of 
movement is observed in someone else (Di Pellegrino, Fadiga, Fogassi, Gal-
lese, & Rizzolatti, I992). These cells are called mirror neurons, and they 
react only during purposeful movements, so they are not active when a 
hand copies the grasping movement without an object, or when an object 
is merely within sight. Even the indirect grasping of an object with a tool, 
such as tweezers, barely activates the mirror neurons. Some neurons are 
especially sensitive to the grasping movement with just a thumb and fore-
finger (precision grip), whereas others are sensitive to the grasping move-
ment with the whole hand (power grip). Functional imaging techniques 
have shown that a similar system is also present in the premotor cortex 
of humans (Rizzolatti et al., 1996). More recent research has shown that 
other areas of the brain are also active during the observation of an action 
and the execution of this action. The posterior parietal cortex in particu-
lar is now regarded as part of the mirror neuron system. The question is 
what the function of such a system might be. Perhaps the most obvious 
suggestion is that it is a vocabulary of movement representations (Riz-
zolatti & Arbib, 1998). Seeing a movement would directly activate the rep-
resentation for the execution of the same movement. This can be of major 
importance for imitation of movements and for understanding the mean-
ing of a particular movement (Binkofski & Buccino, 2006). This system 
was therefore linked to recognition and implementation of gestures, and 
is also regarded as a precursor to spoken language in humans (Rizzolatrl 
& Arbib, 1998). Evidence for this comes from fMRI studies which sho 
that Broca's area is active during both the observation of an action and che 
execution of an action (lacoboni et al., 1999). 
This system is also linked to social cognition and to empathy (Keys 
& Gazzola, 2006). The recognition of actions and gestures by ano~ 
person through internal simulation within the mirror neuron sy5rem 
be used to understand the intentions of the other person, which can 
a role in social situations. Observation of touching also appea r c 
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I2.3.4 Motor imagery 
A third line of research that provides insight into how movements are rep-
resented in the brain focuses on imagining movements, also called motor 
imagery. Jeannerod (1997) suggested that motor imagery occurs as a result 
of making conscious representations of movements that are largely uncon-
scious. The imagined movements are thought to have the same character-
istics as the underlying motor representations of those movements. The 
imagining of movements is based on" the same functional mechanisms as 
those used when actually executing the movements. This makes the study 
of imagined movements a suitable method of studying representations of 
movements. 
One example of this is research into changes in the time that is required 
to execute a movement whenever a task changes. For example, if a test sub-
ject is asked to point to a circle, the movement will take longer if the circle is 
smaller (this is known as Fitts's law). This effect is also observed when the 
pointing movement is carried out only in the imagination (Jeannerod, 1997). 
In genera! it can be stated that motor imagery activates many cortical areas 
that are also involved in the actual execution of the movement, but that 
specific activations also occur during the imagery. The latter occur mainly 
within the primary somatosensory and motor areas and in the anterior cer-
ebellum (Hanakawa et al., 2003). For instance, it has recently been shown 
that pictures of hands that are turned inward are recognised faster than pic-
tures of hands that are turned outward (Ter Horst, Van Lier, & Steenbergen, 
20n). This corresponds to the biomechanics of actual hand movements. 
Finally, research conducted among neurological patients shows that 
although motor impairments often affect execution and imagination to 
the same extent, there are also dissociations. For instance, a patient with a 
parietal lesion was described who could make movements but who could 
no longer accurately estimate the duration of movements, and therefore 
had problems imagining movements. Problems with imagining movements 
have also been demonstrated in the case of congenital cerebral paresis, and 
the right hemisphere in particular appears to be involved (Steenbergen, 
Van Nimwegen, & Crajé, 2007). However, there are also descriptions of 
patients who can imagine movements hut are unable to execute these with 
their hemiplegie hand (Johnson, 2000). 
12
·4 Representation of targets (and movement targets) 
;2..4.r External representation of targets (and movement targets) 
erhaps the most important function of movement is to be able to interact 
fectively with the environment. For instance, we are able to pick up ob-
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that one is going to pick up before one reaches for it), can use the same 
representation. 
I2.4.2 lnternal representations of targets (of movements) 
Although processing of visual information in the posterior parietal lobe 
is associated mainly with motor actions, this does not mean that the ven-
tral route is not important for visuomotor control. The ventral route is 
involved in particular in movement control when information about the 
object has to be remembered for some time and is thus no langer visible 
(Goodale, Jakobson, & Keillor, I994). The ventral route also plays a role 
if semantic information about the target object is important, or if there is 
only monocular depth information (Dijkerman, Milner, & Carey, I996). 
Various authors have recently proposed that the dorsal route can be 
further classified into a dorso-dorsal and a ventro-dorsal route, with the 
Jatter containing mainly the inferior posterior parietal lobe. The ventro-
dorsal route is important primarily in spatial perception (right hemisphere; 
see 'Neglect' under Section 7.2.2 in Chapter 7, 'Spatial cognition') and in 
the understanding and recognition of movements and the function of ob-
jects (Rizzolatti & Matelli, 2003) based on conceptual and semantic input 
about actions and objects (left hemisphere; see also Section 12.5.2 later in 
this chapter) (Buxbaum & Kalenine, 20w). The dorso-dorsal route is con-
cerned mainly with the processing of sensory (somatosensory and visual) 
information for controlling purposeful reaching and grasping movements. 
12.5 Impairments 
For movement control, sensory information is required not only about 
the target of a movement in the external world, but also about one's own 
body. A person who is about to grasp a cup has to know where their hand 
is in order to be able to actually make this movement. A representation of 
the body that is used in movement control is also called a body schema. 
This term was first used a century ago by Head and Holmes (I9II-I9I2) 
in their description of sensory impairments following a brain injury. Al-
~hough definitions have differed somewhat in the past, at the time of writ-
'.ng a distinction is made between body schema and body image, which 18 
a representation that is used mainly for the conscious perception of the 
body (Dijkerman & De Haan, 2007). Over the last decade in the cognitivc 
neurosciences there has been renewed interest in conceptual and neural 
tepresentations of the body, and the body schema is part of this. The body 
shhe~a is characterised by bottom-up processing of sensory information 1 
al" constantly updated and is not accessible to conscious percei,tion. 
) 
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This is demonstrated, for example, by research on body-related illusions, 
such as the rubber hand illusion (see Box 12.r) and the vibrotactile illusion. 
In both of these illusions the test subject feels as if the position of the hand 
has been moved (due to an influence on the body image), while movements 
are still executed accurately. The superior posterior parietal and premotor 
areas are involved primarily in the body schema. 
r2.5.r Cerebral paresis and hemiplegia 
Cerebral paresis (CP) is an umbrella term fora group of chronic, non-
progressive impairments in motor control and muscle coordination that 
result in restrictions in the implementation of daily activities. The impair-
ments are the result of damage to the motor areas of the brain during fetal 
development, or before, during, or immediately after birth, or during the 
first year after birth. The impairment is non-progressive, but the clini-
cal picture changes as a result of the development of the central nervous 
system and the brain. The prevalence of CP in developed countries is es-
timated to be r.4-2.7% of live births. The causa} factors may be present 
before birth (complications during pregnancy, such as infections and en-
cephalitis), during birth (oxygen deprivation or head trauma during birth, 
or extremely premature birth combined with a low birth weight), or after 
birth (accident or illness). CP is an impairment that is primarily of a mo-
tor nature, but that can be accompanied by different comorbidities, such 
as epilepsy, visual impairments, cognitive-function impairments, hearing 
impairments, feeding problems (difficulty in swallowing), and emotional 
and behavioural problems. Various signs in early development can indicate 
CP, including slow development, the delayed achievement of gross motor 
milestones, abnormal muscle tension (hypotonia or hypertonia), abnormal 
posture and reflexes, reduced movement quality, and early development 
of hand preference. This is a very heterogeneous group with many mani-
festations. The majority (around 75%) have spastic CP, around 20% have 
dyskinetic CP (constant movements as a result of continuous changes in 
muscle tension), and less than 5% have ataxie CP (irregular movements). 
The group with spastic CP can be divided into two categories - uni-
lateral (one-sided impairment, known as hemiparesis) and bilateral (two-
sided impairment, when both arms and/or both legs are affected; in the 
case of diplegia it is mainly the legs that are affected, and in the case of 
tetraparesis both the arms and the legs are affected). Spasticity is charac-
terised by an increased speed-dependent resistance of the muscles to pas-
sive extension. In the muscles that act as antagonists in a movement there 
is increased muscle tension in particular, as a result of which movements 
are 'sluggish.' The degree of spasticity can be determined using the Modi· 
fied Ashworth Scale (MAS) for grading spasticity (Pandyan et al., r999). 
CHAPTER I 2 
Box 12.1 The rubber hand illusion 
In the_ rubber hand il/usion, the study participant ex erien 
of the,r own body in such a way th t th I p . ces a rubber hand as being part 
a ey aso have the 1mp · h 
feeling in the rubber hand They 'f /' t ress1on t at they can experience 
. . ee a ouch on the rubbe h d 
tak,ng place on their own hand. r an , a/though this is actual/y 
. One possib/e set-up for the imp/ementation of th . . 
Figure 12 .3 . This illusion is generated by t k. e rubber hand 1l/us1on is shown in 
s ro ing the pa t" · , 
cannot see) and a rubber hand (wh· h th r ,c,pant s own hand (which they 
. IC ey can see) at the s t" 
to link sensory information th t . . ame ime. As the brain is used 
a is expenenced at the s . . 
same cause, seeing the touch on th bb h ame time and attnbute this to the 
e ru er and and f /" · 
hand is soon experienced as on t · / . ee ing ,ton the participant 's own 
es imu us. As visual info t' • 
feit touch moves from the perso ' h rma IOn is general/y dominant the 
n s own and to the rubber h d . . ' 
that the position of the hand h d . . an · The participant also fee/s 
as move in the d1rection f th .. 
and even that the rubber belongs t th . b d o e pos1tion of the rubber hand, 
h. . . . 
0 eir O Y (body ownership) 
T is 1//us1on is used to test the h t . . . 
. c arac enst1cs and pi t' •t f 
instance, it appears that perceptual . . as ic, y o body representations. For 
. expenences (i.e. the bod . . 
hand are mfluenced more by th bb h . . y image) of the pos1tion of the 
e ru er and 11/us1on th b . 
the body schema) (Kammers D v· an Y act,ons with the hand (i.e. 
, e 1gnemont Verhagen & D""k 
of the illusion also depends on c t . h ' . . , IJ erman, 2009). The power 
er a,n c aractenst1cs of th bb 
orientation of the rubber hand h t e ru er hand. For instance, the 
as o correspond to som t 
own hand, and it has to have the sam .d t· . e ex ent to that of the participant's 
e ' en ,ty (1 e rubb . h h 
own right hand). · · er ng t and for the participant's 
. Finally, the illusion can be used for research into clinica/ 
tients w1th schizophrenia often . symptoms. For examp/e, pa-
. expenence a strenger ·11 . . 
ments in body image following a b . . . ' us1on, and patients with impair-
ra,n lnJury accept bb h 
body more readily than hea/thy individuals (V a ru er and as part of their own 
an Stralen, Van Zandvoort & o··k 
, IJ erman, 20n). 
Figure 12.3 Research design forthe rubber hand illusion 
An exper 
. imental design for the rubber ha d . . 
wh~ch is hidden from sight, is stroked with: b1llus1on. The participant's own right hand, 
Wh1ch is visible. After a whi/e the t' . rush at the same time as the rubber hand 
belng on the rubber hand (K par 1c1pant experiences the touch that they can feel a~ 
ammers et al., 2009). 
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The Grass Motor Function Classification System (GMFcs; Palisano et al., 
2000) is also used to chart what children are able to do in braad motor 
terms at a particular age. 
Another common motor impairment is developmental coordination 
disorder (neo), which also used to be known as minimal cerebral palsy. 
The prevalence of this impairment is araund 5-rn%. lt is characterised by 
motor clumsiness, without any demonstrable neurological abnormality, as 
is the case with CP. The motor impairments in this graup are less severe 
than in CP. DCD is often diagnosed using the results of the Movement 
Assessment Battery for Children (Movement ABC). This is a test used to 
determine premature motor restrictions in children. The task measures 
three components (manual dexterity, aiming and catching, and balance), 
divided over eight items. In the Netherlands there are standard scores for 
this test so that it can be determined whether motor contra! falls within 
this standard. 
r2.5.2 Apraxia 
Apraxia can be defined as an inability to carry out purposeful behav-
iour in the absence of a paralysis or paresis. Patients with apraxia have 
problems executing movements on command, imitating movements, us-
ing items such as tools, making gestures, and planning and implementing 
various movements one after another (movement sequences). Apraxia is 
usually associated with lesions in the left parietal lobe, but can also occur 
following injury to the right parietal regions, the tempora! and frontal 
cortex, and even after subcortical lesions in the white matter and the ba-
sal ganglia. Impairments following lesions in the right hemisphere occur 
mainly in tasks that depend more on spatial pracesses (e.g. when imitating 
finger movements rather than hand movements). 
Apraxia is a common impairment. Deficits in the imitation of move-
ments and in the depiction of the use of certain objects (pantomime) occur 
in one-third to half of all patients with lesions in the left hemisphere. This 
figure rises to two-thirds of patients with aphasia (De Renzi, Faglioni, & 
Sorgato, r982), which does not mean that apraxia and aphasia are part of 
the same syndrame. Aphasia can occur without apraxia, and vice versa. 
The term 'apraxia' was used for the first time by the German linguïst 
Chaim Steinthal in r87r. The work of the German neuralogist Hugo Liep-
mann was particularly influential (see Box r2.2). He conducted several 
systematic studies into apraxia at the beginning of the twentieth century. 
On the basis of these studies, Liepmann formulated ideas about apra.x:i~ 
that are still extremely influential today. The idea that apraxia is associar· 
ed mainly with lesions in the left hemisphere was mentioned earlier. Liep· 
mann also distinguished between different types of apraxia. -Perhap the 
Box 12.2 Civil servant r. 
CHAPTER 12 
A 48-year-old civil servant T wh . 
' ., o was right-hand d h . 
_He h~d motor aphasia and a temporary problem wie ' ad _an mfarction in December 1899. 
,ng without help. He also needed to be fed He w th wa_lk1ng, and he had difficulty stand-
and legs proper/y. After four weeks he c .Id as anx1ous and could not move his arms 
could write his name to some extent b tohu say no words except for 'Yes' and 'Ah ' He 
M h ' u e could not · 
are and October 1900 there was som . copy words or drawings. Between 
infarction, followed by another in ear/y 19:~m~ro;~mdent. In October 1900, T. had another 
. e ie on 8 April 1902. 
Figure 12.4 Hugo liepmann 
Hugo L' iepmann (1863-1925) first saw patient T 
up and hold objects, he did this in a stran e . on ? :ebruary 1900. When T. had to pick 
derstand the tasks or could not see pro e~ way. ln,t,a/ly it appeared that he did not un-
~ovements of the right arm. Movement: of;~ Ho;elver, l1epmann noticed several strange 
o the window or the door, were executed corr e w o e ~ody, such as standing up or walking 
the tasks. liepmann then asked him to p f ectly, so ,t was clear that T. could understand 
was able to do these toa Th er orm several tasks using his left hand d h 
Aot d ' . e same observation , an e 
left f:o:he tasks with his right leg or right foot, but::s h::~e for his legs a_nd f~et. He could 
to c . T. was asked to comb his hair. Usua/1 h . o problems w,th h,s left leg and 
h· homb h,s hair with his left hand he did th' y e d1d not react, but when he was asked 
/ a_ir with his right hand. T. pick~d up th ,s correctly. _Then liepmann told him to comb 
heahgad1nst his ear, stuck it behind his ear lik: comb, held ,t against his hair with the back of 
a done L. a pen, and then d . 
as b· . iepmann described many s1·m ·1 b seeme sat,sfied with what 1zarre A th 'ar o servatio h' IS tn . s e patient cou/d execute ce t . ns, w ich he initial/y regarded 
e movement r ain movements (e Ik' 
t fh problems were restricted t . .g. wa ing) properly and 
ere could o one s1de of the b d . ' 
not be a prob/em with und . o y, l1epmann concluded 
erstand,ng the tasks and that th 
' ere must be 
/ 
288 COGNITIVE DOMAINS 
something wrong with the control of the execution of purposeful movements. He called 
this impairment apraxia. 
Liepmann distinguished between different forms of apraxia, such as motor apraxia 
(more or less restricted toa certain part of the body) and situational apraxia (amore genera! 
problem with performing certain actions). An important conclusion was that only deliberate 
movements could no longer be executed properly: 'Apraxia is the loss or diruption of move-
ments learned through experience, examples or lessons, thus something that is exclusively 
mnestic. lf we take the entirety of the former mechanisms of the executive instrument into 
account , it would mean that something superordinate to the executive instrument is af-
fected in apraxia.' (Gonzalez-Rothi & Heilman, 1996). 
two best-known types are ideomotor apraxia and ideational apraxia. The 
latter is traditionally defined as an impairment in the conceptual represen-
tation of movements. These patients have impairments in the execution 
of meaningful movement sequences and the use of tools, although their 
ability to imitate movements is relatively intact. In addition to ideational 
apraxia, which is an impairment in the execution of movement sequences, 
nowadays conceptual apraxia is also distinguished, which is an impair-
ment of the concept of the movement (Koski, Iacobini, & Mazziotta, 
2002). In the case of ideomotor apraxia the representation of movements 
is intact, but this can no longer reach the premotor and primary motor ar-
eas, which means that imitation is also impaired. Patients with ideomotor 
apraxia can form a concept of the action to be carried out, as a result of 
which they can recognise the function of certain tools, hut they cannot use 
these tools correctly. Their movements are often characterised by tempora! 
abnormalities (irregular speed) and spatial abnormalities (in the amplitude 
of the movement, and impaired spatial configuration of objects and body 
parts during the movement). This is the most common form of apraxia, 
and it is linked to left parietal and frontal lesions. Recent lesion overlap 
studies have demonstrated that left parietal damage is related mainly to 
impairments in tool use and imitation of unfamiliar hand gestures, where-
as inferior frontal lesions in the left hemisphere are related to impairments 
in the execution of familiar hand gestures (Goldenberg, 2009). 
Over the years, various other types of apraxia have been described (see 
Table 12.1). These can be distinguished from each other on the basis of the 
modality (visual or tactile), the part of the body (limbs or face), and t~e 
type of movement (imitation, movement sequences, use of objects, recognt-
tion, or making of gestures) that has been affected. It should be clear thar 
the different types of apraxia are not mutually exclusive categories. for 
example, ideomotor apraxia can occur both in the arms (limb apraxia) 
and in the face (buccofacial apraxia). 
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Table 12.1 Description of differentforms of apraxia (based on K k. 1 
os Iet a ., 2002) 
Type of apraxia Description 
Based on movement type 
ldeomotor apraxia 
Problems with the execution of movements bas . . 
1m1tation, usually characterised b . 1 ed on verba! 1nstruct1ons or movements. Y spat,a and tempora! errors in the execution of 
ldeational apraxia 
lmpairment in the execution of movement s .. 
denote problems in representation of t' equences. Or,g,nafly also used to 
Conceptual apraxia 
ac ion concepts. 
A move ment impairment in which the conce to 
lt is characterised by problems with th P f f th e move ment has been lost. 
gestures. e use O too/s and the understanding of 
Conduction apraxia 
Prob/ems with the imitation of movements altho . . 
re /at,ve/y intact. ' ugh th e dep,ct,on of movements is 
Pantomime agnosia 
lmpairment in visually distinguishing betwe . 
w1th the imitation of the gestures bein I en a,nd the understand,ng of gestures, 
objects is not impaired. 9 re at,ve Y intact. The recognition of 
Limb-kinetic apraxia 
Slowness and stiffness of movements with a loss off . 
Constructive apraxia ' me, prec,se movements lmpairment of the ability to assem bie diff · 
Section 7.2.4). erent parts to forma whole (see a/so 
Based on body part 
Limb apraxia 
_Normally used to denote ideomotor apraxia of h . . . . 
impaired movements of the hand d f t e hmbs, th,s usually mcludes 
Buccofacial apraxia 
s an 1ngers. 
lmpairment in the execution of mouth and fa . 1 imitation. c,a movements on command orin 
Orofacial apraxia 
_lmpairment in the execution of mouth and facia 
instructions or imitation (see also buc f . 1 1 movements based on verba! 
Optica/ apraxia 
co ac,a aprax,a). 
Problems w ith the execution of saccades based on verba! instructions. 
Speech apraxia 
Seiective impairment of the ability to produce speech sounds. 
Based on sensory modality 
Unimodal apraxia 
A form of apraxia in which actions within one modaf' . . . 
based on visual but not auditory input t ) ity are impa,red (1 .e. apraxia 
Tactile apraxia 
, e C .• 
Problems with the execution of hand moveme . . . 
object, although gestures can be p f d nts dur,ng tact,le mteraction with an 
Disconnectlon apraxia 
er orme welf. 
Apraxia as are sult of a disconnection between a . . . 
motor representations. The input can be verba/ spec1f1c type of mput and 
command), visual (tool, imitation), ortactile. (movements can not be made on 
Vanou models have been developed tha . . . 
cesses with the different for f _t a1m to match the impaued pro-
?009). Most of these modemls s o aplraxdia (see, for example, Go1denberg, 
L. are re ate to a g t 1 iepmann's ori . I d 1 rea er or esser extent to 
· gma mo e . However an i 
in addition to . d . ' mportant amendment is that 
the gestures anadnmm irect route, which runs via conceptual know1edge to 
ovements to be perf d h . 
route, in which . 1 . f . . orme ' t ere is also a direct visual 
Îhi route is par::;~; t ?rmat1on I~ dire~t~}'. converted into a movement. 
ar y important m the m,1tation of unfam·1· 1 iar gestures 
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d .b d who could imitate gestures P · t have been escn e Th b·1· (see Figure 1 2 .5). atien 5 . 0 h. & Heilman 1991). e a 
1 ity 
. . h (Roth1 c ipa, ' . 
without recognismg t em .' . t with evidence about mirror 
to perform unfami_liar gestures is cons1sten 
neuron representations. 
Figure 12.5 Sensorimotor information processing 
Auditory/verbal input Visual/gestures input 
Auditory analysis Visual analysis 
Action-input dictionary 
Semantic 
representations 
of actions 
Action-output dictionary 
Motor system 
Direct 
route 
. . addition to an indirect route in which auditory 
A 
model of sensorimotor information process_,ng lotr aacptrt;::i~~he lexicon, the re is also a direct route trom v,sual 
. . presentat1ons o 
and visual information act1vates re atterns) (Rothi et al., 1991 ). 
information to motor output (innervatory p 
ds an ob1· eet a distinction can be k. vement towar ' b" With regard to ma mg a mo . b d on the structure of the o 1ect 
· sentat1ons ase v d 
made between action repre . f the ob·ect (Vingerhoets, Acke, ~n e-
and those based on the function o ldlb ·mpaired in particular lil the 
) Th latter wou e 1 · l maele & Achten, 2009 . e . . h left 1· nferior posterior paneta 
' . n1ury to t e b . 
case of apraxia followmg ~n 1 n structure are thought to e i~-
cortex. Object represe~tat10ns badsed old mage and result in optie atax1a 
. ï f 11 dorso- orsa a ' 
paired pnman Y ~ owmg 'S atial cognition'). . e 
(see Section 7.2.4 m Chapter 7), d p lo ed an alternative hypothes1s f?r ~ 
Finally, Goldenberg (2009_ eve . p l rtex in the case of aprax1a. . e 
involvement of the left p~sten~r pan~ta 1:~s gestures and object usag; in 
observed that the imitat1on ~ m_e~mng se brain areas. He there _or€ 
particular is impaired follow~ng m1~ry ~oc~:ex is involved in categonca~ 
proposed that the left poster~or par~t~ art or body part to body par 
spatial representations of ob1ect to o y p 
relationships. 
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I2.5.3 Optie ataxia 
Optie ataxia was first described almost roo years ago as part of a range of 
impairments that later became known as Bálint's syndrome. Rezsö Bálint 
had described a patient who had problems pointing to visual objects, hut 
who was able to indicate tactile or aural objects accurately. As described 
previously in Chapter 7 ('Spatial cognition'), optie ataxia is related mainly 
to injury to the visual dorsal (or dorso-dorsal) route (Rizzolatti & Matelli, 
2003). 
I2.5.4 Alien hand syndrome 
A concept that is closely related to body schema is agency, which is the 
subject's feeling that they are the person causing the hand movement. This 
concept is impaired in patients with alien hand syndrome (AHS), which is 
characterised by involuntary, apparently autonomous movements of the 
affected hand that occur despite what the patient reports verbally to be 
their intention, as if the hand is controlled by an external force (Kikkert, 
Ribbers, & Koudstaal, 2006). Various symptoms can be distinguished, 
including a grip reflex (the 'alien hand' automatically grasping objects in 
the surrounding area), intermanual conflict (the movements of the affected 
hand interfering with those of the unaffected hand, such as undoing shirt 
buttons that have just been fastened by the unaffected hand), and mirror 
movements (both hands involuntarily performing the same movements). 
If the patient is aware of the alien hand, this impairment is also called 
anarchie hand syndrome. This occurs following an injury to both the left 
and the right hemisphere, especially if the corpus callosum is also affected. 
Following selective damage to the corpus callosum it is almost always the 
left hand that is impaired, as if the higher-order intentional motor centres 
in the left hemisphere are no Jonger in contact with the lower-order mo-
tor output centres in the right hemisphere. This is often characterised by 
intermanual conflict. A distinction can also be made between anterior 
frontal AHS and posterior AHS. Frontal AHS is mainly the result of irtjury 
to the supplementary motor area (sMA). This affects the grasp reflex and 
compulsive tactile exploration in particular. This is to some extent similar 
to the utilisation behaviour following frontal injury as described by Lher-
mitte (1983), but restricted to one hand. It can indicate an impairment in 
endogenous top-down movement control, while the exogenous, bottom-
up movements triggered by the environment remain intact and are domi-
nant. Posterior AHS is charaçterised by a feeling of alienation, less complex 
movements such as levitatioii (floating), hostile movements (repelling), and 
elf-stimulation of the affected side (Kloesel, Czarnecki, Muir, & Keller, 
;ro). AHS can also occur following subcortical (thalamus) lesions and in 
e case of corticobasal degeneration. 
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12.6 Conclusion 
This overview presented in this chapter demonstrates that motor control 
is much more complex than the mere control of movements. It is closely 
interwoven with various sensory and cognitive functions. The processing 
of visual and somatosensory information about objects in the surrounding 
area and one's own body is an integral part of movement control. Repre-
sentations of actions in the brain are not only important for the prepara-
tion and execution of movements, but are also related to various cognitive 
functions, including language, attention, and social cognition. Motor rep-
resentations can even be activated without any movement being executed, 
when a person simply thinks about or observes a movement. Over the last 
few decades there has been a clear shift with regard to the positioning of 
motor control, which is taking on an increasingly centra! role in cognitive 
neuropsychology and the neurosciences. A good example of this is the 
emergence of the concept of embodied cognition, whereby higher-order 
cognitive functions can always be based on body-related processes and in 
particular action-related processes. 
This growing interest in and knowledge about the link between cogni-
tion and action also has consequences for our understanding of neuropsy-
chological impairments. There are clear opportunities for rehabilitation 
in particular. For instance, the repeated mental imagining of movements 
can perhaps activate the damaged neural motor representations and thus 
promote recovery. The same is true of action observation (Mulder, 2007). 
These concepts will also be important for many clinical populations in 
which motor impairments are the main focus. It is becoming increasingly 
clear that the distinction between perception and action is less strict than 
was originally believed when it was first formulated over 20 years ago by 
Milner and Goodale (1995). Motor control is influenced by several rep-
resentations, some of which represent mainly the structure of the object 
(dorso-dorsal route), while others represent mainly the position of the 
limbs (body schema), or knowledge about objects (ventro-dorsal route). 
The idea is that these representations should be combined flexibly, depend-
ing on the requirements of the motor task that has to be performed. The 
challenge for the immediate future will be to study how these different rep-
resentations and the underlying neural networks interact with each orher. 
13 
f ntel I igence 
Paul Eling and Joukje Oosterman 
13.1 lntroduction 
The section of this book to which th. h 
chological_functions, in particular cog~i~v=~t::~~~~nf !ocuses on ps~-
:~:si~~~:0~:l:~~tn:{ihpapbteetrwoene intellig_e~ce fshould b~ i~:~:~nre:~~~: 
n cogmt1ve unct· h • 
executive functions and memor o th ions suc as attent1on, 
other? Some people,believe that inte~r eon~ h_a~d, and intelligence on the 
tive functions that we use to acquire ~ene~ I~ m act the sum of the cogni-
brings us to the fundamental . _nowh e ge and _so_lve problems. This 
Th" h d. quest1on. w at exactly is mtelligence~ 
is c apter iscusses a number of <lift . . 
tutes intelligence, describes several wa sof ;ent v~ew~ about '_Vhat_ consti-
detail the biologica! basis of . t 11· y deasurmg It, exammes m more 
m e Igence an finally ·d h . . gence is measured in neuro s cholo . ' . consI ers ow mtelh-
about all aspects of intellig~ny h gICadl pr~ctice. For further information 
ce, t e rea er Is referred to Hum (2orr). 
13·2 Two views of intelligence 
There are various approaches to'th . . 
gence, but two views are d . e quest1on _of what const1tutes intelli-
!s a basic characteristic, ~~ee ~:~:~~~ Accordmg to _one_ view, intelligence 
lllter-individual d "ff . . . g factor, wh1ch is responsible for 
h I erences m cogmtive perf I . w at exactly this facto ·1 A . ormance. t IS often unclear 
· r entai s. n important arg · f lllterpretation is that all kinds f . . ument m avour of this 
According to the th . h o ~ogrnt1ve tests correlate with each other. 0 er view t ere IS not o 1 · I • 
several cognitive d . d h ne genera mte hgence, hut rather 
each domain· inteltmams, an. t ere ca~ be inter-individua! differences in 
of these appr~aches1f :nce ;~ns~t~ ~f ;anous distinguishable qualities. Each 
exp ame ne y below from a historica! perspective. 
